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Phenomenological constraints on minimally coupled exotic lepton triplets
Chun-Khiang Chua∗ and Sandy S. C. Law†
Department of Physics, Chung Yuan Christian University, Chung-Li, Taiwan 320, Republic of China.
(Dated: 14 February 2011)
By introducing a set of new triplet leptons (with nonzero hypercharge) that can Yukawa couple
to their Standard Model counterparts, new sources of tree-level flavor changing currents are induced
via mixing. In this work, we study some of the consequences of such new contributions on processes
such as the leptonic decays of gauge bosons, ℓ → 3ℓ′ and ℓ → ℓ′γ which violate lepton flavor, and
µ-e conversion in atomic nuclei. Constraints are then placed on the parameters associated with the
exotic triplets by invoking the current low-energy experimental data. Moreover, the new physics
contribution to the lepton anomalous magnetic moments is calculated.
PACS numbers: 12.60.-i, 13.40.Em, 14.60.Hi
I. INTRODUCTION
The discovery of neutrino oscillations [1] has long been suggestive of new physics in the lepton sector. It provides
compelling evidence for nonzero neutrino masses, and hints of possible lepton flavor violation (LFV). However, it is
well-known that the minimal Standard Model (SM) cannot incorporate these new ingredients, so it must be extended
in one way or the other as a result. Clearly, there is a huge variety of approaches for introducing new physics.
Nevertheless, from the point of view of phenomenological studies, the most essential part of any models is the
effective couplings induced between ordinary SM particles and the exotic ones. Therefore, even without specifying
the underlying mechanisms (or UV completions) that give rise to these operators, a lot of useful analyses on the new
particles can be studied. This is the approach we shall adopt in this work.
Whilst there are potentially many different new effective operators which can lead to interesting phenomenologies,
our main focus here is motivated by the generic minimal couplings of the form
Yexotic (SM particle) · (SM particle) · (exotic particle) , (1)
where Yexotic denotes the coupling strength. Such minimal interactions are of interest because it is relatively simple
and may lead to well-defined collider signatures [2] which may be seen at the LHC in the near future. Since we would
like to concentrate on the lepton sector alone, we take all particles in (1) to be uncolored (in the SU(3)c sense) but
allowing the “exotic particle” to be either a scalar boson, a fermion or a vector boson. With these choices and the
requirement of renormalizability, there are five distinct types of interaction with the SM fields (schematically)1,
(i) LL × LL × [new] , (ii) LL × ℓR × [new] , (iii) ℓR × ℓR × [new] ,
(iv) LL × φ× [new] , (v) ℓR × φ× [new] . (2)
where LL = (νL, ℓL)
T is the left-handed (LH) lepton doublet, ℓR is the right-handed (RH) lepton singlet, and
φ = (φ+, φ0)T denotes the SM Higgs doublet. Suppose these interaction terms must also obey Lorentz and SM gauge
symmetries, then there are only 13 types of exotic multiplets (see Table I) which fit either one of the setups in (2).
Furthermore, it is perhaps obvious that the majority of the new particles implied by these minimal couplings have
already been closely studied due to other motivations. However, to the best of our knowledge, the exotic lepton
triplets with nonzero hypercharge, ER,L = (E
0
L,R, E
−
L,R, E
−−
L,R)
T , and the doublets, L˜L,R = (L˜
−
L,R, L˜
−−
L,R)
T (see Table I
for their transformation properties) have received very little attention.2
So, the aim of this work is to fill part of that gap by investigating in some details the implications of introducing
ER,L to the SM.
3 We begin by elucidating the formalism used to analyze the system in the next section, before deriving
various experimental constraints on the relevant new physics parameters in subsequent sections (with a summary of
∗Electronic address: ckchua@cycu.edu.tw
†Electronic address: slaw@cycu.edu.tw
1 We have ignored terms like (SM Higgs)(SM Higgs)(new boson) because they do not involve any type of leptons.
2 Recently, the ER,L-like triplets were mentioned in the context of neutrino mass generation involving a triply charged Higgs [20].
3 The analysis of the exotic doublets, L˜L,R, shall be presented elsewhere.
2all constraints and fits collected in Sec. V). Processes such as W and Z decays (Sec. III), LFV decays (e.g. ℓ→ 3ℓ′,
ℓ→ ℓ′γ) and µ-e conversion in atomic nuclei (Sec. IV) are considered as a result, while discussion on the new physics
contribution to the lepton anomalous magnetic moments will also be included (Sec. VI).
[new] spin SU(2)L U(1)Y type SM fields involved studied in
Φi 0 2 1/2 (ii) LL eR multi-Higgs doublet models [3, 4]
χ0 0 1 −1 (i) LL L
c
L dilepton/Babu-Zee models [4–7]
∆ 0 3 −1 (i) LL L
c
L dilepton/Type-II seesaw [5, 8–10]
ξ0 0 1 2 (iii) eR e
c
R dilepton/Babu-Zee models [5–7, 11]
νR 1/2 1 0 (iv) LL φ
c Type-I seesaw [10, 12–15]
ΣR 1/2 3 0 (iv) LL φ
c Type-III seesaw [10, 15–17]
L′′L 1/2 2 −1/2 (v) eR φ
† 4th generation leptons [18]
ℓ′′R 1/2 1 −1 (iv) LL φ 4th generation leptons [18]
ER,L 1/2 3 −1 (iv) LL φ (ER only) — rarely discussed —
L˜L,R 1/2 2 −3/2 (v) eR (φ
c)† (L˜L only) — rarely discussed —
Z′µ 1 1 0 (i) & (iii) LL LL & eR eR
Xµ 1 2 −3/2 (ii) LL e
c
R GUT/dilepton boson models [5, 19]
W ′µ 1 3 0 (i) LL LL
TABLE I: Summary of the 13 types of exotic multiplets induced by the 5 general types of minimal couplings: (i) LL×LL×[new],
(ii) LL×ℓR× [new], (iii) ℓR×ℓR× [new], (iv) LL×φ× [new], and (v) ℓR×φ× [new]. Hypercharges are defined with Q = I3+Y .
II. MODEL WITH EXOTIC LEPTON TRIPLETS, ER,L
In order to identify and study the new phenomenologies arising from the mixing with the exotic lepton triplets (and
to establish the notations), we shall begin by describing the model in detail. Consider adding to the SM two sets of
new leptons (RH plus LH) which transform as triplets in SU(2)L and all carrying hypercharge of −1 (where we have
defined Q = I3 + Y ). We can conveniently group them together in a 2× 2 matrix representation as follows
ER =
(
E−R/
√
2 E0R
E−−R −E−R/
√
2
)
, EL =
(
E−L /
√
2 E0L
E−−L −E−L /
√
2
)
, (3)
where ER and EL are independent fields and both transform as (1, 3,−1) under the SM gauge group.4 In the following,
we shall also introduce three RH neutrino fields, νR, so that neutrinos can have a Dirac mass. However, we do not
include a Majorana mass term (e.g. νcRMRνR) in the Lagrangian (and hence no seesaw mechanism
5) for simplicity.
Thus, the Lagrangian of interest is given by
LE = Tr [ERi /DER]+Tr [ELi /DEL]− Tr [ERMEEL + h.c.]− [LLYEERφ+ LLYℓφ ℓR + LLYνφc νR + h.c.] , (4)
where φc = (φ0∗,−φ−)T , and the covariant derivative,
/D = /∂ − ig√
2
[
/W
+
(
0 1
0 0
)
+ /W
−
(
0 0
1 0
)]
− ig
cos θw
/Z(I3 − sin2 θwQ) + ie /AQ , (e > 0) , (5)
with Q and I3 being the operators for electric charge and the 3rd component of isospin respectively. In (4), the
Yukawa term involving YE defines the minimal coupling between SM leptons and ER while ME sets the energy scale
of the new physics. It is worth pointing out that SM symmetries forbid a similar type of minimal couplings for EL
4 As a result of the identical transformation properties for RH and LH fields, chiral anomalies cancel automatically.
5 A full discussion on the mixing effects due to seesaw models can be found in [10, 21].
3with other SM leptons, and hence EL enters into this picture only via the mass terms. Writing out all the relevant
interactions in (4), we have
LE = LW + LZ + Lmass + LH + · · · , (6)
where
LW = g√
2
[
νL /W
+
ℓL +
1√
2
[
E−R /W
+
E−−R − E0R /W
+
E−R + {ER → EL}
]]
+ h.c. , (7)
LZ = g
cos θw
[
1
2
νL /ZνL +
(
−1
2
+ sin2 θw
)
ℓL /ZℓL + sin
2 θw ℓR /ZℓR
+sin2 θw E
−
R
/ZE−R +
(−1 + sin2 θw) E−−R /ZE−−R + E0R /ZE0R + {ER → EL}] , (8)
Lmass = −E−RMEE−L − E0RMEE0L − E−−R MEE−−L −
v√
2
νLYEE
0
R +
v
2
ℓLYEE
−
R − ℓLmℓℓR − νLmDνR + h.c. , (9)
LH = − 1√
2
νLYEE
0
RH +
1
2
ℓLYEE
−
RH −
1
v
ℓLmℓℓRH − 1
v
νLmDνRH + h.c. . (10)
In getting (9) and (10), we have written φ = (φ+, φ0)T ≡ (φ+, (v + H + iη)/√2)T , where v is the Higgs vacuum
expectation value, η and φ± are the would-be Goldstone bosons. Also, we have defined mℓ ≡ vYℓ/
√
2 and mD ≡
vYν/
√
2.
To deduce the mixing between SM leptons and the components of the exotic triplet, it is convenient to package the
LH and RH fields in the following way(
νL
E0L
)
,
(
νR
E0R
)
,
(
ℓL
E−L
)
,
(
ℓR
E−R
)
, (11)
and rewriting (7) to (10) in matrix forms. In particular, for Lmass we obtain
Lmass = −
(
νR E0R
)(
m†D 0
vY †E/
√
2 ME
)(
νL
E0L
)
−
(
ℓR E
−
R
)(
mℓ 0
−vY †E/2 ME
)(
ℓL
E−L
)
+ h.c. . (12)
Without loss of generality, one can choose to work in the basis where mℓ andME are real and diagonal (which is what
we have already assumed in writing out (12) above). All fields are related to their mass eigenbasis via the unitary
transformations (
ℓL,R
E−L,R
)
= UL,R
(
ℓL,R
E−L,R
)
m
,
(
νL,R
E0L,R
)
= VL,R
(
νL,R
E0L,R
)
m
, (13)
where the subscript m indicates the mass basis. In general, UL,R and VL,R are (3 + n) × (3 + n) matrices with n
denoting the number of generations for the exotic EL,R fields. To O
(
v2M−2E
)
, the transformation matrices are given
by6
UL =
(
1− λ −vYEM−1E /2
vM−1E Y
†
E/2 1− 2λ′
)
, UR =
(
1 −vmℓYEM−2E /2
vM−2E Y
†
Emℓ/2 1
)
, (14)
VL =
(
(1 − 2λ)Uν vYEM−1E /
√
2
−vM−1E Y †EUν/
√
2 1− 4λ′
)
, VR =
(
1 vm†DYEM
−2
E /
√
2
−vM−2E Y †EmD/
√
2 1
)
, (15)
where
λ ≡ v
2
8
YE
1
M2E
Y †E , and λ
′ ≡ v
2
8
1
ME
Y †E YE
1
ME
, (16)
6 In the definition of VR, the neutrino right diagonalisation matrix UνR (from U
†
νm
′
D
UνR ≡ m
diag
D
) has already been absorbed into mD
in (12). In other words, mD ≡ m
′
D
UνR.
4are 3 × 3 and n× n matrices in flavor space respectively, while Uν is the unitary matrix that transforms νL into its
mass eigenbasis. At this order, Uν may be identified as the usual neutrino mixing matrix, UPMNS.
Hence, LW ,LZ and LH with respect to the mass eigenbasis become
LW = g√
2
{(
ν E0
)
m
/W
+ [
PL g
CC
L + PR g
CC
R
]( ℓ
E−
)
m
+
(
ℓ E−
)
m
/W
− [
PL(g
CC
L )
† + PR(g
CC
R )
†
]( ν
E0
)
m
}
, (17)
LZ = g
cos θw
[(
ℓ E−
)
m
/Z
[
PL g
NC
Lℓ + PR g
NC
Rℓ
]( ℓ
E−
)
m
+
(
ν E0
)
m
/Z
[
PL g
NC
Lν + PR g
NC
Rν
]( ν
E0
)
m
]
, (18)
LH =
(
ℓ E−
)
m
H
[
PL
(
gHℓ
)†
+ PR g
H
ℓ
](
ℓ
E−
)
m
+
(
ν E0
)
m
H
[
PL
(
gHν
)†
+ PR g
H
ν
](
ν
E0
)
m
, (19)
with the new generalized coupling matrices given by (to leading order)
gCCL =
(
U †ν (1− λ) 0
vM−1E Y
†
E/2
√
2 (2λ′ − 1)/√2
)
, gCCR =
(
0 vm†DYEM
−2
E /2
−vM−2E Y †Emℓ/2
√
2 −1/√2
)
, (20)
gNCLℓ =
(
−1/2 + sin2 θw + λ vYEM−1E /4
vM−1E Y
†
E/4 −λ′ + (1 − 2λ′) sin2 θw
)
, gNCRℓ =
(
sin2 θw 0
0 sin2 θw
)
, (21)
gNCLν =
(
1/2 + 2U †νλUν −v U †νYEM−1E /2
√
2
−vM−1E Y †EUν/2
√
2 1− 6λ′
)
, gNCRν =
(
0 −vm†DYEM−2E /
√
2
−vM−2E Y †EmD/
√
2 1
)
, (22)
gHℓ =
(
(3λ− 1)mℓ/v (1− λ)YE/2 +m2ℓYEM−2E /2
M−1E Y
†
Emℓ/2 −vM−1E Y †EYE/4
)
,
gHν =
(
U †ν (6λ− 1)mD/v U †ν
(
−mDm†DYEM−2E + (1 − 2λ)YE
)
/
√
2
−M−1E Y †EmD/
√
2 −vM−1E Y †EYE/2
)
. (23)
Note that each upper-left (3 × 3)-block in (20) to (23) corresponds to the modified mixing matrix for the respective
interaction involving SM leptons. In particular, we observe that new contributions to tree-level flavor changing
currents would be provided by the nonzero off-diagonal entries of matrix λ. Furthermore, these (3 × 3)-submatrices
that define the new mixings between ordinary leptons are now in general non-unitary.
Suppose we define the non-unitary mixing matrix which is responsible for charged current mixing as
N ≡ (1− λ)Uν , (24)
then we note that, at first order in λ, observable effects mediated by W and Z may be conveniently re-cast as follows
LCC = g√
2
ν /W
+
PLN
† ℓ+ h.c. , (25)
LNC = g
cos θw
{
ℓ /Z
[
PL
(
−1
2
NN † + sin2 θw
)
+ PR sin
2 θw
]
ℓ+ ν /Z PL
(
1
2
(N †N)−2
)
ν
}
. (26)
Expressions (25) and (26) are analogous to those derived and subsequently analyzed in [10] for seesaw models. It
is worth pointing out that the structure displayed in (26), though looks similar to its counterpart in [10], they are
definitely not identical in form. The small difference comes from the fact that these exotic triplets carry nonzero
hypercharges which resulted in the I3 assignments being different from the seesaw situations.
Although this viewpoint of linking the new physics to the non-unitary in weak mixing can be useful, for the purpose
of our investigation here, we have found it more convenient to use the expressions written in (17) to (19) for doing
the calculations. Henceforth, we shall present all our discussions in terms of λ rather than N .
III. CONSTRAINTS FROM W AND Z DECAYS
As hinted earlier, elements of the λ matrix (see (16) for definition) which encapsulate all the essential information
regarding triplets E, are the key to any new physics contributions to the electroweak processes considered in this
5paper. Amongst them, the most basic interactions are the tree-level W and Z decays into SM leptons. As we shall
see, these processes can provide constraints on all elements of λ although the restriction for the off-diagonal entries
are not as stringent as those obtained from other LFV interactions (see Sec. IV). Nonetheless, their constraints for
the diagonal elements of λ will be useful in the later analysis of the anomalous magnetic moments (see Sec. VI).
A. W decays
The rate for W decaying into a lepton of flavor α plus a neutrino may be straightforwardly obtained by invoking
the relevant interaction terms in (17). Using the usual approximation of negligible final lepton masses and in the
centre of mass frame, one gets
Γ(W → ℓανα) ≡
∑
i
Γ(W → ℓανi) ,
≃ GFM
3
W
6
√
2π
(1 − 2λαα) , (27)
where we have only kept the leading order terms in λ. In (27), MW is the mass of W while GF is the Fermi constant
extracted from muon decay when assuming only SM physics.
In order for (27) to be a useful bound on the elements of λ, one must also study the modification to the value of
“GF ” as measured from muon decay experiments (µ → e + missing energy) in the presence of the new physics due
to triplets E. It is not difficult to see from (20) and (21) that additional tree-level flavor changing currents mediated
by W and Z are expected to give rise to a new definition for the Fermi constant. In terms of the SM version of GF ,
we have to leading order
G′F ≃ GF
√
1− 2λee − 2λµµ , with G2F ≡ g4/32M4W . (28)
Using (28) in (27), one can rearrange the expression to obtain a global constraint on λee, λµµ and λττ in terms of
experimental parameters:
Kα ≡ (1− 2λαα)√
1− 2λee − 2λµµ
≃ Γ(W → ℓανα) 6
√
2 π
G′FM
3
W
, α = e, µ, τ . (29)
Putting in the respective values from [22],7 we arrive at the following bounds for Kα:
Kα =


0.986± 0.033 , α = e ,
0.969± 0.034 , α = µ ,
1.032± 0.040 , α = τ .
(30)
As expected, this quantity (within experimental uncertainties) is very close to 1 — the limit where the new physics
is decoupled.
B. Z decays
In this subsection, we investigate the bounds for the elements of λ coming from Z decaying into charged leptons:
Z → ℓαℓβ. The α = β cases will place restrictions on λαα’s whereas for α 6= β, the off-diagonal entries can be
constrained.
Applying the usual formalism on the modified couplings in (21), the decay rate, Γ(Z → ℓαℓα), may be easily written
down (in the usual massless limit for the final state leptons) as
Γ(Z → ℓαℓα) = GFM
3
Z
3
√
2π
(∣∣(gNCLℓ )11αα∣∣2 + ∣∣(gNCRℓ )11αα∣∣2) ,
≃ G
′
FM
3
Z
3π
√
2− 4λee − 4λµµ
(∣∣∣∣sin2 θw − 12 + λαα
∣∣∣∣
2
+
∣∣sin2 θw∣∣2
)
, α = e, µ, τ , (31)
7 Note that what we have labelled as G′
F
is simply the experimentally measured Fermi constant ≈ 1.16637(1) × 10−5 GeV−2.
6where we have again included the correction to the Fermi constant. θw and MZ are the usual Weinberg angle and Z
boson mass respectively. Putting the decay widths obtained from experiments [22] into (31) for each lepton flavor α,
one gets a system of three equations in the λαα’s. Solving these simultaneously then yields
λαα =


−2.7∓ 0.4× 10−3 , α = e ,
−2.9∓ 0.4× 10−3 , α = µ ,
−3.1∓ 0.4× 10−3 , α = τ .
(32)
These results should be checked against the values obtained in the W decays for consistency. Taking into account the
uncertainties in Kα, we have found that the bounds displayed in (32) are compatible with those in (30). Although one
may worry about the negative sign in front of λαα, this outcome is not unexpected given that there is also a minus
sign in the definition of (24).
Next, we turn our attention to the case where α 6= β. The decay rate is given by
Γ(Z → ℓαℓβ) = GFM
3
Z
3
√
2 π
|λαβ |2 , α 6= β . (33)
Clearly, in the limit λαβ → 0, this rate disappears. This is in accordance with the fact that there is no flavor changing
neutral currents (FCNC) at tree-level in the SM. Writing this as a branching ratio and keeping only the leading order
terms in the denominator, one has
Br(Z → ℓαℓβ) = Γ(Z → ℓαℓβ)
Γ(Z → ℓσℓσ)
Br(Z → ℓσℓσ) ,
≃ |λαβ |
2 Br(Z → ℓσℓσ)
2 sin4 θw − sin2 θw + 1/4
. (34)
From this, we can derive the following bounds for |λαβ |:8
|λeµ| < 1.8× 10−3 , (35)
|λeτ | < 4.3× 10−3 , (36)
|λµτ | < 4.7× 10−3 . (37)
Notice that since λ is hermitian (as we are working in the basis where ME is real and diagonal), |λαβ | = |λβα|
necessarily holds.
IV. CONSTRAINTS FROM LFV DECAYS OF CHARGED LEPTONS AND µ-e CONVERSION IN
ATOMIC NUCLEI
Some of the strongest constraints on the new physics come from the studies of lepton flavor violating decays of
ordinary charged leptons. Therefore, in the following two subsections, we present our analysis of the contributions
induced by the exotic triplets on charged lepton processes like ℓ → 3ℓ′ and ℓ → ℓ′γ. Furthermore, in the third
subsection, we shall take a look at the bound coming from experiments studying the muon-to-electron conversion in
atomic nuclei as it is well-known [23] that such process can give rise to a very strong constraint on the µ-e-Z vertex.
A. tree-level ℓ→ 3ℓ′ decays
Given three generations of ordinary leptons, there are only three generic types of final lepton states possible for
a charged lepton decaying into three lighter ones: ℓβℓβℓβ , ℓσℓβℓβ and ℓσℓβℓβ, where β 6= σ 6= α, with α denoting
the flavor of the decaying lepton. For all of these cases, the mediating particle can be either the gauge boson Z or
the Higgs boson H . However, the amplitude associated with the Higgs is suppressed by a factor of m2α/M
2
H , where
8 Note that the LFV branching ratios quoted in [22] is in fact the experimental values for Br(Z → ℓαℓβ) +Br(Z → ℓαℓβ). Therefore, the
expression in (34) must be multiplied by a factor of 2 before applying the experimental numbers.
7mα and MH denote the lepton and Higgs masses respectively. Thus, we may ignore their contributions to a good
approximation.
Extracting the relevant coupling from (21), and invoking the usual assumption of negligible final state masses, we
get the following formulae for the branching ratios:
Br(ℓα → ℓβℓβℓβ) = Γ(ℓα → ℓβℓβℓβ)
Γ(ℓα → ℓβνανβ) Br(ℓα → ℓβνανβ) ,
≃ |λβα|2(12 sin4 θw − 8 sin2 θw + 2)Br(ℓα → ℓβνανβ) , for α = µ, τ , (38)
and
Br(ℓα → ℓσℓβℓβ) ≃ |λσα|2(8 sin4 θw − 4 sin2 θw + 1)Br(ℓα → ℓβνανβ) , (39)
Br(ℓα → ℓσℓβℓβ) ≃ 2|λβσ|2|λβα|2 Br(ℓα → ℓβνανβ) , for α = τ only , (40)
where we have kept only the leading order terms.
For (38), there are three kinematically allowed processes (µ→ 3e, τ → 3e, τ → 3µ), which lead to the constraints
|λeµ| < 1.1× 10−6 , (41)
|λeτ | < 5.0× 10−4 , (42)
|λµτ | < 4.8× 10−4 , (43)
while (39) has two possibilities (τ → eµµ and τ → µee), yielding
|λeτ | < 6.5× 10−4 , (44)
|λµτ | < 5.5× 10−4 . (45)
Finally, we have
|λµe||λµτ | < 2.6× 10−4 , (46)
|λeµ||λeτ | < 2.4× 10−4 , (47)
from another two possibilities (τ → eµµ and τ → µee) allowed by (40). Note that in deriving (41) to (47), we have
used the branching ratios from [22].
As expected, these LFV processes provide a stronger set of constraints than those derived in (35) to (37) from the
previous section.
B. radiative ℓ→ ℓ′γ decays via one loop
Another type of LFV processes that has received enormous amount of attention is the radiative decays of charged
leptons (ℓ → ℓ′γ). There is continually much experimental effort on improving the bounds associated with these
rare interactions.9 The current MEG experiment [25] located at PSI is expected to reach a sensitivity of O (10−13)
for the µ → eγ branching ratio, which is a significant improvement compare to the current limit of Br(µ → eγ)
< 1.2×10−11 [26]. In addition, the Super KEKB project [27] will provide the platform for investigating LFV τ decays
at an unprecedented precision. As a result, the bounds on τ → eγ and τ → µγ are also expected to tighten.
Generically (because of gauge invariance), the transition amplitude for ℓα → ℓβγ is given by the dimension-5
operator of the form
T (ℓα → ℓβγ) = uβ (A+Bγ5) iσρνqνερuα , σρν ≡ i [γρ, γν ] /2 , (48)
where A and B correspond to the transition magnetic and electric dipole form factors10 respectively. In writing this
down, we have used the on-shell condition, q2 = 0, and ε · q = 0, where qν and ερ denote respectively, the photon 4-
momentum and polarization. In the SM with neutrino masses (mν > 0), it is well-known that electroweak interactions
9 For a review, see for example [24].
10 It is understood that A and B are dimensionful quantities when written in this form. Also, we have absorbed the extra factor of i which
is usually associated with the definition of the electric dipole moment into B.
8γ
W W
ℓβℓα νj , E
0
j
(a)
γ
Z
ℓβℓα ℓj , E
−
j
(b)
γ
H
ℓβℓα ℓj , E
−
j
(c)
FIG. 1: Lowest-order diagrams that are relevant for the amplitude calculations of LFV decays (ℓα → ℓβγ) and anomalous
magnetic moments of SM leptons (when α = β) in the unitary gauge. Subscript j denotes the flavor of the internal leptons,
and is summed over in the computation. (a) The case mediated by νj corresponds to the usual diagram studied in standard
electroweak theory, while the E0j diagram comes from the new interactions; (b) & (c) new contributing diagrams involving the
Z boson and physical Higgs, H .
involving the W bosons in a loop (see Fig. 1a) can give rise to a finite value for this amplitude although its size turns
out to be vanishingly small because MW ≫ mν [28, 29]. However, the situation may change drastically when there
are new couplings to the SM leptons, such as those involving the exotic triplets studied here.
From Lagrangians (17) to (19), we can identify all the new interactions and subsequently calculate the corresponding
loop amplitudes from the definitions of the modified coupling matrices given in (20) to (23). Working in the unitary
gauge where only diagrams associated with the physical degrees of freedom are relevant, there are three types of
one-loop graphs which may contribute to the LFV ℓα → ℓβγ process (see Fig. 1). As a result of the direct involvement
of the triplet particles E0 and E− in these diagrams, stringent constraints on |λαβ | can be derived. These expressions
are particularly useful when the expected improvement in experimental bounds are realized in the near future.
In calculating the amplitude for the lowest-order graphs in Fig. 1, we note that any terms in (48) that is proportional
to uβγρuα (or uβγ5γρuα) will not contribute to the final answer as they cannot be transformed into the electromagnetic
moment form [28]. We can separate out this unwanted component from (48) using Gordon identity, and get
T (ℓα → ℓβγ) = uβ(A+Bγ5)(2p · ε−mα/ε)uα − uβ(A−Bγ5)mβ/εuα , (49)
where we have again used ε · q = 0 when simplifying the expression. In (49), p is the momentum of ℓα while mα,β
denotes the ℓα,β mass. Working in the limit where the final state lepton is assumed to be massless (mβ → 0), one
finds that amplitudes A and B become identical to leading order in λ, and thus in the explicit computation, we simply
require to evaluate the coefficient of the uβ(1 + γ5)(2p · ε)uα terms for all graphs.
Because we wish to work in the unitary gauge where there are less diagrams to consider,11 our strategy is to perform
the calculations in the notations of the generalized renormalizable (Rξ) gauge [30], and at the end of the computation,
we take the limit ξ → ∞ to obtain the desired results.12 Moreover, we will work exclusively in the mℓj ≪ MW,Z,H
and mβ ≪ 1 limits (where mℓj represents the mass of the internal j-flavor SM lepton) and will only keep the leading
order terms.
After the dust has settled, we obtain the following expressions for the amplitudes of the one-loop contributions
shown in Fig. 1 (superscripts and subscripts denote the type of internal leptons and bosons involved respectively):
AνW =
−iGFmαe
8π2
√
2

−5
3
λβα −
∑
j
m2νj
4M2W
(Uν)βj
(
U †ν
)
jα

 , (50)
AE
0
W =
−iGFmαe
8π2
√
2
∑
j
v2
8
(
YEM
−1
E
)
βj
(
M−1E Y
†
E
)
jα
[f1(wj) + f2(wj)] , wj ≡M2Ej/M2W , (51)
AℓZ =
−iGFmαe
8π2
√
2
4(1 + sin2 θw)
3
λβα , (52)
AE
−
Z =
−iGFmαe
8π2
√
2
∑
j
v2
8
(
YEM
−1
E
)
βj
(
M−1E Y
†
E
)
jα
[f3(zj) + f4(zj) + f5(zj)] , zj ≡M2Ej/M2Z , (53)
11 One drawback is that some of the intermediate expressions/steps would be considerably more complicated than in other approaches.
12 We have adopted the definition of ξ as used in modern textbooks [28, 31], which is equivalent to the parameter 1/ξ as appeared in [30].
9AℓH =
−iGFmαe
8π2
√
2
∑
j
3m2ℓj
2M2H
ln
(
m2ℓj
M2H
)
λβα , (54)
AE
−
H =
−iGFmαe
8π2
√
2
∑
j
v2
8
(YE)βjM
−2
Ej
(
Y †E
)
jα
[−2f5(hj) + f6(hj)] , hj ≡M2Ej/M2H , (55)
with
f1(x) =
−10 + 43x− 78x2 + 49x3 − 4x4 − 18x3 lnx
12(x− 1)4 , (56)
f2(x) =
−4 + 15x− 12x2 + x3 + 6x2 lnx
2(x− 1)3 , (57)
f3(x) =
−4 + 9x− 5x3 + 6x(2x− 1) lnx
3(x− 1)4 , (58)
f4(x) =
11x− 18x2 + 9x3 − 2x4 + 6x lnx
12(x− 1)4 , (59)
f5(x) =
−3x+ 4x2 − x3 − 2x lnx
4(x− 1)3 , (60)
f6(x) =
2x+ 3x2 − 6x3 + x4 + 6x2 lnx
12(x− 1)4 . (61)
In the above, mνj , mℓj and MEj denote, respectively, the mass of the j-flavor neutrino, SM lepton and exotic E
particle. Note that the second term in (50) is nothing but the usual contribution from neutrino mixing in standard
electroweak theory [28, 32], where the Uν matrix is the same as the one appeared in (24).
So, we have for the total decay rate:
Γ(ℓα → ℓβγ) = m
3
α
4π
∣∣∣AνW +AE0W +AℓZ +AE−Z +AℓH +AE−H ∣∣∣2 , (62)
and subsequently, the branching ratio
Br(ℓα → ℓβγ) = 3αe
2π
∣∣∣∣∣∣

−1
3
+
4
3
sin2 θw +
∑
j
3m2ℓj
2M2H
ln
(
m2ℓj
M2H
)λβα −∑
j
m2νj
4M2W
(Uν)βj
(
U †ν
)
jα
+
∑
j
v2
8
(
YEM
−1
E
)
βj
(
M−1E Y
†
E
)
jα
[f1(wj) + f2(wj) + f3(zj) + f4(zj) + f5(zj)]
+
∑
j
v2
8
(YE)βjM
−2
Ej
(
Y †E
)
jα
[−2f5(hj) + f6(hj)]
∣∣∣∣∣∣
2
Br(ℓα → ℓβνανβ) , (63)
where αe is the fine-structure constant. Taking MEj ≃ 100 GeV (the lower bound for heavy charged leptons [22])
for all j, and assuming the Higgs mass, MH , is about 114 GeV [33], the experimental limits [22] on Br(µ → eγ),
Br(τ → eγ) and Br(τ → µγ) then lead to13
|λeµ| < 2.2× 10−4 , (64)
|λeτ | < 2.7× 10−2 , (65)
|λµτ | < 3.1× 10−2 . (66)
These bounds are not as strong as those displayed in (41) to (43) which come from tree-level interactions. However,
improvement is expected when the new and ongoing experiments mentioned have reached their projected sensitivities.
13 Note that if we have chosen a larger value for the mass of Ej , it will only make these bounds less stringent.
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C. µ-e conversion in atomic nuclei
Owing to the fact that coherent contribution of all nucleons in the nucleus can enhance the experimental signals,
muon-to-electron conversion in muonic atoms provides another excellent platform for studying tree-level FCNC. Not
only does it place a constraint on the same µ-e-Z vertex as appeared in Z → e±µ∓, µ → 3e and the loop graphs
in Fig 1b, as we shall show below, its bound on |λeµ| is the most stringent amongst all applicable LFV interactions
considered. The test for µ-e conversion, therefore, plays a complementary role to the investigation of µ → eγ in the
probe for physics beyond the SM as they are induced differently.
In what follows, we shall assume that the only contribution to the µ-e conversion rate in our setup comes from
exchanges with the Z bosons. This approximation is sensible because the cases mediated by the photon and the Higgs
are suppressed by loop effects andM−1H respectively. So, at the quark level and after integrating outMZ , the effective
interaction Lagrangian which can induce the µ-e transition can be written as14
Leffµ→e =
√
2GF ℓeγ
ν(kV − kAγ5)ℓµ [quγν(vu + auγ5)qu + qdγν(vd + adγ5)qd] , (67)
where qu,d denotes the u, d-quark field while
kV = kA = −λeµ , au = −ad = −1
2
, vu =
1
2
− 4
3
sin2 θw , vd = −1
2
+
2
3
sin2 θw . (68)
Appealing to the general result obtained from FCNC analysis with massive gauge bosons in [23], we then arrive at
the following expression for the branching ratio of µ-e conversion in nuclei:15
Bµ→e ≃
G2F α
3
em
3
µ p
′
eE
′
e
π2 ΓAcap
∣∣F (q′2)∣∣2 (k2V + k2A) Z4eff Qˆ2Z , (69)
where p′e (E
′
e) is the momentum (energy) of the electron, Γ
A
cap represents the total nuclear muon capture rate for
element A, and Z (Zeff) is the (effective) atomic number of the element under investigation. In (69), F (q′2) is the
nuclear form factor which may be measured from electron scattering experiments [34] while
Qˆ = (2Z +N ) vu + (Z + 2N ) vd , (70)
with N denoting the number of neutrons in the nuclei.
Given that one of the best upper limit on the µ-e conversion branching ratio is obtained from measurements with
titanium-48 (4822Ti) in the SINDRUM II experiments [35]:
Bexpµ→e ≡
Γ(µ− Ti→ e− Ti)
ΓTicap
< 4.3× 10−12 , (71)
we shall use the parameters for element 4822Ti in (69) to deduce our bound.
16 Following the approximation as applied
in [23], we take p′e ≃ E′e ≃ mµ, and F (q′2 ≃ −m2µ) ≃ 0.54. In addition, we have Zeff ≃ 17.6 for 4822Ti [38] and
ΓAcap ≡ ΓTicap ≃ 2.59× 106 s−1 [39]. Hence, (69) and (71) combine to give
|λeµ| < 5.3× 10−7 , (72)
where in the derivation, we have taken into account the modification of GF as discussed in (28) and subsequently,
substituted in the values from (32).
As foreshadowed, the bound displayed in (72) is indeed the most stringent one on |λeµ|, and with the new experiments
being planned, respectively, at J-PARC and Fermilab by the COMET (and PRISM/PRIME) [40] and Mu2e [41]
collaborations, it is expected to become even stronger in the near future.
14 We have assumed that standard electroweak interaction operates in the quark sector.
15 This result is a good approximation only for nuclei with less than about 100 nucleons.
16 Although the value quoted in the experiments with gold (Au): Γ(µ−Au → e−Au)/ΓAucap < 7 × 10
−13 [36] is smaller than the one in
(71), theoretical calculations [37] have shown that for very heavy elements (atomic number Z & 60) like Au, the µ-e conversion rate
is actually suppressed. Therefore, this does not necessarily indicate a better bound on the rate, especially when the estimation of the
nuclear matrix element for such heavy nuclei can carry large uncertainties.
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V. GLOBAL FIT ON THE ELEMENTS OF λ AND SOME CONSEQUENCES
In this section, we bring together all the results obtained thus far and perform a global analysis on the elements
of the λ matrix, which are key to determining the new physics effects from the triplet leptons. For convenience, a
summary of all constraints derived in Sec. III and IV are collected in Table II.
parameter(s) process limit on BR constraint on λ’s
λee Z → e
−e+ 3.363 ± 0.004 × 10−2 −2.7∓ 0.4× 10−3
λµµ Z → µ
−µ+ 3.366 ± 0.007 × 10−2 −2.9∓ 0.4× 10−3
λττ Z → τ
−τ+ 3.369 ± 0.008 × 10−2 −3.1∓ 0.4× 10−3
|λeµ|
Z → e±µ∓
µ− → e−e−e+
µ→ eγ
µ-e conversion
< 1.7× 10−6
< 1.0× 10−12
< 1.2× 10−11
< 4.3× 10−12 (Ti)
< 1.8× 10−3
< 1.1× 10−6
< 2.2× 10−4
< 5.3× 10−7
|λeτ |
Z → e±τ∓
τ− → e−e−e+
τ− → e−µ−µ+
τ → eγ
< 9.8× 10−6
< 3.6× 10−8
< 3.7× 10−8
< 3.3× 10−8
< 4.3× 10−3
< 5.0× 10−4
< 6.5× 10−4
< 2.7× 10−2
|λµτ |
Z → µ±τ∓
τ− → µ−µ−µ+
τ− → µ−e−e+
τ → µγ
< 1.2× 10−5
< 3.2× 10−8
< 2.7× 10−8
< 4.4× 10−8
< 4.7× 10−3
< 4.8× 10−4
< 5.5× 10−4
< 3.1× 10−2
|λµe||λµτ | τ → e
+µ−µ− < 2.3× 10−8 < 2.6× 10−4
|λeµ||λeτ | τ → µ
+e−e− < 2.0× 10−8 < 2.4× 10−4
TABLE II: A collection of all constraints on the elements of λ ≡ v2YEM
−2
E Y
†
E/8 from processes studied in Sec. III and IV.
Studying the results listed in Table II and recalling that |λαβ | = |λβα|, it is not difficult to obtain the following
overall fit for the elements of λ:
|λee| |λeµ| |λeτ ||λµe| |λµµ| |λµτ |
|λτe| |λτµ| |λττ |

 .

 2.7× 10
−3 < 5.3× 10−7 < 5.0× 10−4
< 5.3× 10−7 2.9× 10−3 < 4.8× 10−4
< 5.0× 10−4 < 4.8× 10−4 3.1× 10−3

 . (73)
Relation (73) is one of our major results in this work. Note that the off-diagonal elements were derived assuming
ME ≃ 100 GeV (for all flavors). So, this also provides a rough estimate of the size for the exotic coupling YE (in this
interesting mass range for ME):
|YE |αβ . O
(
10−2
)
to O (10−3) , for all α, β . (74)
Should ME be any heavier the bounds in (73) are expected to loosen and the corresponding range allowed for |YE |αβ
would be increased.
Moreover, if one assumes that the nonzero elements of λ induced by mixing with the exotic triplets are the only
source of LFV in the theory, one may relate the various branching ratios discussed above as follows:
Br(Z → e±µ∓) ≃ 3.6× 10−2 Br(µ-e conversion in Ti) ,
Br(µ− → e−e−e+) ≃ 5.3× 10−2 Br(µ-e conversion in Ti) ,
Br(µ→ eγ) ≃ 1.7× 10−5 Br(µ-e conversion in Ti) , (75)
for the processes involving |λeµ|. Whereas for |λeτ | and |λµτ |, one gets
Br(Z → e±τ∓) ≃ 3.8× 100 Br(τ− → e−e−e+) ,
Br(τ− → e−µ−µ+) ≃ 6.2× 10−1 Br(τ− → e−e−e+) ,
Br(τ → eγ) ≃ 3.3× 10−4 Br(τ− → e−e−e+) , (76)
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and
Br(Z → µ±τ∓) ≃ 3.9× 100 Br(τ− → µ−µ−µ+) ,
Br(τ− → µ−e−e+) ≃ 6.5× 10−1 Br(τ− → µ−µ−µ+) ,
Br(τ → µγ) ≃ 3.3× 10−4 Br(τ− → µ−µ−µ+) , (77)
respectively. In the above, we have again taken ME ≃ 100 GeV.17
Applying the experimental limits on the right-hand side of relations (75) to (77), we can obtain the model specific
bounds on the branching ratio of many key LFV processes. For instance, (75) implies Br(µ → eγ) . 7.3 × 10−17 in
this theory with exotic triplets. Notice that this is significantly stronger than the current limit set by experiments.
As a result, a future detection of this LFV process above this rate will invalidate the predictions of this minimal
extension to the SM, and point to the existence of other new physics in the lepton sector. Similar conclusions may
also be drawn from other processes displayed above.
VI. CONTRIBUTION TO LEPTON ANOMALOUS MAGNETIC MOMENT
While in Dirac theory the gyromagnetic ratio of a spin-1/2 particle is predicted to have a value of g˜dirac = 2, it
is well-known that quantum field theory gives a correction to this number via loop effects. The deviation from the
Dirac result of 2 is usually parameterized by the dimensionless quantity (α denotes the flavor)
aα ≡ g˜α − 2
2
, where g˜α is the actual value of the gyromagnetic ratio, (78)
known as the anomalous magnetic moment. It is related to the lepton magnetic dipole moment ~µα = −e(1+aα)/2mα ~s,
where ~s is the unit spin vector. In terms of the parameters from quantum field theory, aα ≡ F2(q2 = 0), when the
form factor expansion for a general lepton-photon amplitude is written as
T (ℓα → ℓ′αγ) = −ie u′α
[
F1(q
2)γρ +
F2(q
2)
2mα
iσρν q
ν +
F3(q
2)
2mα
σρνγ5 q
ν + · · ·
]
ερuα , e > 0 , (79)
where qν is again the photon momentum (see (48) for notations).18 Therefore, the precise contribution to aα from the
SM (and indeed any other theories) can be calculated by considering all the relevant loop diagrams for the F2(0)-term.
While the anomalous magnetic moment for the electron, muon and tauon can all be very important in their own
rights, given the present experimental and theoretical development, aµ is the most interesting observable to examine.
This is because when combining the fact that significant contributions to the overall predicted aµ value come from
every major sectors (QED, electroweak, hadronic) of the SM [42, 43] with the ability to experimentally measure aµ
to extremely high accuracy [44, 45], the SM as a whole can be scrutinized, and any discrepancies between theory and
experiment would be a strong indication of new physics. On the other hand, although ae have been measured to
extraordinary precision (hence providing a very stringent test on QED and the value of the fine-structure constant αe
[46, 47]), its low sensitivity to the contributions from strong and electroweak processes means that any hypothetical
modifications to these sectors (due to new physics) would not be easily detectable. As far as aτ is concerned, even
though its much heavier mass would in theory imply better sensitivity to any new physics than aµ, its usefulness
has been limited by the relatively poor experimental bounds. In fact, the best current limits set by the DELPHI
experiments [48] are still too coarse to even check the first significant figure of aτ from theoretical calculations.
Currently, the experimental values for ae [46], aµ [45] and aτ [48] are given by
aExpe = 115 965 218 073(28)× 10−14 , (80)
aExpµ = 116 592 089(63)× 10−11 , (81)
aExpτ =
{
< 1.3× 10−2 ,
> −5.2× 10−2 . (82)
17 We have checked that taking ME →∞ would only change the numerical factor by an insignificant amount of at most 30%.
18 Note that the lepton electric dipole moment is proportional to F3(q2 = 0).
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Focusing on the muon case, one finds that the discrepancy between experiment and the SM estimate is about 4.0σ
[43]:
∆aµ = a
Exp
µ − aSMµ = 316(79)× 10−11 . (83)
If this difference is real (rather than caused by incorrect leading-order hadronic approximation19), then there must
be some new physics at play. In the following, we investigate whether the effects induced by the exotic triplets can
have an influential role on this front.
The procedure for calculating the anomalous magnetic moment due to the modified electroweak couplings of (20)
to (23) is in fact analogous to the computation for LFV ℓα → ℓβγ done in Sec. IVB. Working in the unitary gauge
again, the one-loop diagrams one needs to consider are the three main types depicted in Fig. 1, but with the condition
α = β imposed. As a result, the approximation of massless final state lepton cannot be used any more (i.e. mβ 6→ 0).
In addition, since we are only interested in the magnetic moment, the part associated with γ5 in the general amplitude
T (ℓα → ℓ′αγ) = u′α (C +Dγ5) iσρνqνερuα , (84)
will be disregarded. Hence, in the computation, the terms to concentrate on are those proportional to u′α(2p · ε)uα,
where p is the momentum of the incoming ℓα. Apart from these changes, the general strategy is identical to Sec. IVB.
Employing a similar notation system as before, the amplitudes of the one-loop diagrams from Fig. 1 for the case
α = β are given by (to leading order)
CνW =
−iGFmαe
8π2
√
2
(
5
3
− 10
3
λαα
)
, (85)
CE
0
W =
−iGFmαe
8π2
√
2
∑
j
v2
8
(
YEM
−1
E
)
αj
(
M−1E Y
†
E
)
jα
[f7(wj) + 3f8(wj) + f9(wj) + 1] , wj ≡M2Ej/M2W , (86)
CℓZ =
−iGFmαe
8π2
√
2
(
8
3
sin4 θw − 4
3
sin2 θw − 2
3
+
8
3
(1 + sin2 θw)λαα
)
, (87)
CE
−
Z =
−iGFmαe
8π2
√
2
∑
j
v2
8
(
YEM
−1
E
)
αj
(
M−1E Y
†
E
)
jα
[f3(zj) + 2f4(zj) + 2f5(zj)] , zj ≡M2Ej/M2Z , (88)
CℓH =
−iGFmαe
8π2
√
2
(6λαα − 1) O
(
m2ℓj/M
2
H
)
≃ 0 , (89)
CE
−
H =
−iGFmαe
8π2
√
2
v2
8
∑
j
(YE)αjM
−2
Ej
(
Y †E
)
jα
2f6(hj)
−
[(
YEM
−1
E
)
αj
M−1Ej
(
Y †E
)
jα
+ (YE)αjM
−1
Ej
(
M−1E Y
†
E
)
jα
]
2f5(hj) , hj ≡M2Ej/M2H , (90)
where f3(x) to f6(x) are given in (58) to (61) and
f7(x) =
7− 33x+ 57x2 − 31x3 + 6x2(3x− 1) lnx
6(x− 1)4 , (91)
f8(x) =
−1 + 4x− 3x2 + 2x2 lnx
(x− 1)3 , (92)
f9(x) =
3− 10x+ 21x2 − 18x3 + 4x4 + 6x2 lnx
6(x− 1)4 . (93)
Comparing (84) with the form factor expansion of (79), the anomalous magnetic moment can be written in terms of
the amplitudes computed above:
aα ≡ F2(0) = −2mα
ie
(
CνW + C
E0
W + C
ℓ
Z + C
E−
Z + C
ℓ
H + C
E−
H
)
. (94)
19 Although this possibility is not completely ruled out, shifting the hadronic cross-section to bridge this gap will naturally increase the
tension with the lower bound on the Higgs mass, both from LEP [33] and the SM vacuum stability requirement [43].
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Note that the result given in (94) contains the usual SM electroweak component of aα, as well as the contribution
induced by the new physics. Examining our results, we see that the terms which are not proportional to λαα in
(85) and (87) sum up to give the usual prediction of the anomalous magnetic moment from the SM [30]. Removing
this component from (94) and using the values for λαα given in Table II, we obtain the following estimate for the
anomalous magnetic moments coming from the new physics associated with the exotic lepton triplets:20
∆aEe ≃ −5.4× 10−16 , (95)
∆aEµ ≃ −2.5× 10−11 , (96)
∆aEτ ≃ −7.6× 10−9 , (97)
where we have again assumedMEj ≃ 100 GeV andMH ≃ 114 GeV. Looking at (95) to (97), we note that these values
are all negative, meaning that they would not have been helpful in explaining the discrepancy between SM prediction
and experiments even if they are of the correct magnitude.21 As it turns out, these contributions are at least one
order of magnitude less than the experimental errors given for the quantities listed in (80) to (82). Therefore, we do
not expect the new physics effects from the exotic triplets to be distinguishable from the SM components in these
experiments.
VII. CONCLUSION
Given that the phenomenology of nonzero neutrino masses motivates an extension to the SM, it is natural to
ask what might be the simplest ways that new physics can couple to known particles. Working exclusively in the
lepton sector and demanding renormalizability and SM gauge invariance as the basic requirements, we concentrated
on the minimal couplings where there is only one exotic particle appearing per term. Whilst we have found that the
phenomenologies of the majority of exotic particles allowed by this framework have already been closely studied due
to other motivations such as neutrino mass generation and grand unification, some interesting possibilities remain
unexplored. Thus, in this work we have focused our attention on one of those, namely the exotic lepton triplets that
carries nonzero hypercharge and can Yukawa couple to ordinary LH leptons.
Using a formalism that is similar to that used in the analyses of seesaw models, we have identified and defined
the key parameter (denoted λ throughout) that encapsulates the new physics effects caused by the introduction of
these exotic triplets. In particular, we note that the off-diagonal entries of this λ matrix are the new sources for
FCNC phenomenologies. By invoking the limits from low-energy experiments, constraints can then be placed on this
dimensionless parameter that controls the coupling strength with the exotic leptons. Such investigation is particularly
worthwhile given that these minimally coupled triplets may give rise to definite collider signatures at the LHC [2].
In this paper, we have studied the implications from leptonicW and Z decays and found that the diagonal elements,
|λαα|, must be of O
(
10−3
)
to agree with the current limits, while bounds for the off-diagonal entries were obtained by
investigating their effects on LFV processes such as ℓ→ 3ℓ, ℓ→ ℓ′γ and µ-e conversion in titanium nuclei. With the
exception of |λeµ| which has its strongest constraint coming from the µ-e conversion experiments, other off-diagonal
values receive their most stringent bounds from LFV ℓ → 3ℓ decays. Some of these limits are expected to improve
significantly when the next generation of experiments have reached their proposed sensitivity.
Furthermore, the contribution to the lepton anomalous magnetic moment from the new physics was investigated.
Through explicit computation of the relevant lowest-order loop graphs, it has been concluded that any potential
contributions on this front are far too small to be detected in experiments at the present time. As a result, introducing
this type of exotic triplets of leptons into the SM cannot help to explain the muon g − 2 anomaly.
20 These values are obtained assuming the contribution from (89) is exactly zero. If one uses the full expression for (89), the results would
only shift by a numerical factor of O (1).
21 Interestingly, a similar conclusion has been reached in type-III seesaw models [14].
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